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PROTECnVR C OATING CQMPOSrH O?^ 

[0001] Th^ piiesent application dfcscribcs a process for the preparation and/or coating of 
powdered particles luing fltmoitpherjc pressure plasma techniques. 

5 

[0002] The treatment of powders using atmospheric pressure plasma has been previously 
described. In JP 064)00365 there is provided an apparatus for conUnuously pla$ma treating a 
powder by coaAially pivoting a metallic inner and outer cylinders at least one side of the outer 
cylinder being coated with a dielectric to fhrm n fixed gap between the cylitidere, inclining Ihe 

10 cylinders and passing a voltage across the electrodes to effiect the atmospheric prcssum 

plasma ucaUucni of a powder. In JP 06-228739 there is provided a means for surface treating 
a powder by atmosphMio-pressurc glow dischar^ by gas floating the powder with a rare gas 
or mixture of a rare gas and a gaseous reactant. The creatnient occurs in a substantially 
cylindrical vertical positioned reaction vessel at the bottom of which gas is introduced to noat 

1 5 the powder and the exit is out of the top of the vessel earned by the gas having been first 
subjected to and atmospheric-prcssurc glow diKthargc at a pressure higher than atmospheric 
pressure. In US5399832 there is provided a method for treating an oiganic or inorganic 
powder or coating same using an organic monomer using atmospheric pressure glow 
dischai'ge. In WO 97/29156 there is provided a method of trcaimfi deagglomeraied particles 

2 0 with plasma activated ga$ to modify the surface of the particles and species. 

10003] AU of the aforementioned prior art relate lo the activation of the powder or 
applications of coalings using gas phase pnecureors and typically the results suggest low 
deposition rates and require high residence times lo obtain a sufficiently coated surface. 

25 

[0004] The Coating thickness for panicles coated by the present process is l-200nm. 
Typically the plasma gas used is helium. . The generation of a steady^state glow discharge 
plasma at aimosphcric pressure is preferably obtained between adjacent electrodes which may 
30 be spaced up to S cm apart, dependent on the process gas used. The electrodes being radio 
Frequency energised with an rms potential of t to 1 fin preferably between 4 and 30 kV at 
1 to iOO kHz, preferably at 15 to 40 kHz. The voltage used to foim the plasma will typicaUy 
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be benveen 4 and 30 k Volts, howcvcsr the actual value wiU depeiid on the chemisiiy/gas choice 
and plasma region size between the cleciixKles 

rOOOSl The present inventors have fotmd that by introducing coating forming material 
5 directly to a atmospheric plasma process that higher deposition rate^t of coating onto powder 
particles? cun be achieved The use of direct injection of coaling foming material also 
provides for the use of a wider range of precursor materials, and the coating process is not 
restricted to gas phase materials or high vapour pressure liquids. The inventors have also 
found that in the absence of introduced particles that new parricles can be synthesized by the 
10 same process within the plasma process. 

[0006] Thus, according to the present invention there is provided a method for fonning a 
coating on a powder substrate, which method comprises introducing an atomized coating 
fonning material by direct injection and separately introducing a powder to be coaled into an 
15 atmospheric plasma dischaige and/or an ionized gas stream resulting therefit)m, and 
exposing the powder to the atomized precursor. 

[0007] It is to be understood that the coating fwining material in accordance with the 
present invention is a pecursor material which can be used to make any apprD(>riate coating. 
20 including, for example, a material which can be used to grow a film or to chemically modify 
an existing surface. 

[0008J Alternatively by directly introducing an atomized coating fomring material or 
polymer forming precursor into an atmospheric plasma discharge and/or an ionized gas 
25 stream resulting therefrom in the absence of introduced powder particles, then particles of 
reacted precui-sor are fnrmerl. 

(000?J The present invention further provides apparanis For forming a coating on a powder, 

3 0 which 2ppaT;?^^5 comprises Tneans fot generating an atraoisphcrie pressure plasma discharge 
within which, in use, the powder to be coated is intmdiicftd, fin atomiser for providing a.n 
aiomissd coaling-forming maierial within the plasma dischgjrge, and means for suppiying a 

?0::iij£;^ iOiTnin.fE: jnL;ic:iiai lo lj3r riumiz^r- 
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lOOlOJ Any conventional means for generating an atmospheric piesauie plasma glow 
dischai:8e may be used in the present invention, for example atmospheric pressuiB plasma jet, 
atmospheric pressure microwave glow discharge and atmospheric pressure glow discharge. 
Typically such means will employ a helium diluents and a high ftequency (c.g.> IkHz) poww 
5 supply to generate a homogeneous glow discharge at atmospheric pressure via a Penning 
ionisarion mechanism, (see for example, Kanazawa et al, J.Phys. D: Appl. Phys. 1988, 21, 
838, Oltazaki et al, Pfoc. Jpn. Symp. Plasma Chcm. 1989, 2, 95, Kanazawa et al. Nuclear 
Instruments and Methods in Physical Research 1989, B37/38, 842, and Yokbyama ei al,, J . 
Phys, D: Appl. Phys. 1990, 21 374), 
10 . 

[0011) Hic coming-forming material may be atomised using any conventional means, 
for example an ultrasonic noz/Je. The atomiser preferably produces a coating-formtng 
material drop size of from 10 to IOO|im, more preferably from 10 to 50|Am. Suitable 
atomisers for use in the present invention are ultrasonic nn7:7les from Sono-Tek Corporation, 
15 Milton, New York, USA. The apparatus of the present invention may inclMde a plurality of 
atomisers, which may be of particular udJity, for example, where the apparatus Is to be used 
to form a copolymer coating on a substrate from two different coating-forming materials, 
where the monomers aie immiscible or are in different phases, e.g. the first ta a solid and the 
second is gaseous or liquid 

20 

[0012] The plasma chamber may be orientated vei-iiculiy, allowing gravity fed processing. 
For example, if atmospheric pressure glow discharge is employed, using either flat, parallel 
electrodes, or concentric parallel electrodes, the electrodes may be orientated vertically. In 
this case powder to be treated is introduced at the lop of the plasma chamber and passes 

2 5 through the plasma region, where atomised coating fonning material is introduced. 

Polymerisation and crosslinking reactionfi ocow within die plasma rcgiort lo produce powder 
paiticle with well adhered coatings. The coated powder particles then exit the chamber at the 
base. Alternatively, atomized coating forming material or polymer forming precursor may be 
introduced into the top of ihe plasma chamber and polymer particles are formed within the 

3 0 chamber and coilecied at the base. In both cases, particle flow can be controlled and 

enhanced by the flow of plasma pmcftss gas through xhe chamber 
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[0013] Theprosentmventionnivbcusedtoformiimnydifferonti^^^ 
The lype of coaUng which is fonned on ihe powder substrate is dctemdned by (he coatins- 
forming n,a.e.ial(s) used, and the pieBent method may be u«d lo (co)polyracrise coatmg. 
fonninfi monomer materia](.) onto the substrate surfi^e. n« eoaling.fomiing material m.y 
5 beoiBamcorinotgamc.solid,liquidorgascous,ormixtuiwthei«if. Suitable otganic 
coHiing-foimlng materials include carboxylates. methaaylatiss, aaylates, siyrencs. 
methacrybnitriles. alkenes and dienes. for example methyl mcthacylate. ethyl mJthacorlate 
propyl mcthacrylate. butyl methacrylate, and other alkyl meihaciylates.andtheconespondi,ig 
acrylates, including organofunciional methaciylatej. nnd aeiylaie«. hiehiding glycidyl 
10 methacrylate. trimethoxysilyl propyl mrthaciylate, aJlyJ methaciylate. hydnwyethyl ' 

mcthacryltttc, hydro^yiaopyl irethactylatc, dlalkylaminoallqd methaaylatcs. and fluoioalkyi 
(meth)acrylate8. methacrylic acid, acrylic acid, fiimaric acidand esleiB. itaconic acid(»d 
estcisX maleic anhydride, styrcne, cunetfiyteiyrene. halogenated alkenes. for example, vinyl 
halides. such as vinyl chlorides and vinyl fluoiidcs. and fluorinaied alkenes. for example 
15 perfluoroalkenes, aoylonitrile, methacrytonitrite, ethylene, propylene, alfyl amine, vinylideae 
halido*. butadienes, aciylamidc. such us N-isopiopylaoylamlde. meihaciylam.de, epoxy 
compounds, for example glycidoxypropyltrimethoxysilane, glycidol. stymne oxide, butadiene 
monoxide, ethyleneglycol diglycidylether. glycidyl methacrylate, bisphe«>l A diglycldylether 
(and its oligomers), vinylcyclohexene oxide, conducting polymcR such as pynole and 
20 thiophene and their derivatives, and pho8phoniss:ontalnjng compounds, for example 

dimed,yk!lylphoBphon<ae. Suitoblo inorganic coming-forming miUoials Include metals and 
metal oxides, including colloidal metals. Organomctalllc compounds may also be suitable 
coating-forraing materials, including metal alkoxide$ such as tiianates, dn alkoxidcs. 
zirconates and alkoxides of gennanium and erbium. However, the piesent inventor have 
25 found that the present invention has particular utility in providing substrata with silica- or 
siloxane-basEd cnafings using coaiing-forming compMitJons compriaing ailicon^omaliting 
maierialB. Suitable silicon-containing materials for use in dte method of (he present invention 
include sitanes (for example, silane, alkylsilanes, olkylhalosilancs, alkoxyailanes) and Unear 
(for example, polydimcthylsiloxanc) and cyclic siloxanes (for example. 
30 octamcthylcyclotetoilosane), ificluding oigancfunotional linearand cyclic siloxanes (for 
example, Si-H containing, halo-functional, and haloalkyl-fimcticnal linear and cyclic 
siloxanes, e.g. tetramethylcyciotcirasiloxanc and 




0 Rpr OZ 16$SG Doui Corning IP, Barrsj 01445 74S672 p«B 

mmerials may be used, lor example to tailor the physical properties of the submte coating 
for a specified need (e.g. thermal properties* optical properties, sucli as icfractive index, and 
viscoclasiic properties). 



5 [0014] In addition, under oxidising conditions! the present mctliod may be used to 
farm an oxygen containing coating on the substrate. For example, silica-ba$ed coatings can 
be fonned on the substrate surface from atomised silicon-containing coating-forming 
materials. Under reducing conditions, the present method may be used lo fomi oxygen free 
coaciniis, for example, silicon carbide based coatings may be formad from atomised silicon 

10 containing coating forming materials. 

[OOlSJ Plasma generating conditions containing gases other than Oxygen may also be 
employed, for example noble gases, air, hydrogen, nitrogen and ammonia. In a nitrogen 
containing atmosphere nitrogen can bind to the substrate surface, and in an atmosphere 

15 coniaining both nitrogen and oxygen, nitrates can bind to and/or form on the substrate 

surface. Such g03cs may also be used to prc-ireai the subsiraie surface prior to exposure to the 
coating forming substance. Por example oxygen containing plasma trcatmeni of the powder 
substrate may provide improved adhesion with the applied coadng. The oxygen containing 
plasma being gencmed by introducing oxygen containing materials to the plasma such as 

20 oxygen gas or water. Furtheimom, the coating formed on the substrate may be post treated in 
n range of plasma conditions. For example, siloxane derived coatitigs inay be further oxidised 
by oxygen coniaining plasma treatment. The oxygen containing plasma bang generated by 
introduang oxygen containing materials to ihe plasma such as oxygen gas or water. 

2 5 [0016] An advantage of the present invention over the prior an is ihat both liquid and 

solid atomised coating^forming materials may be used to form coalings, due to the method of 
the present invention taking place under conditions of atmospheric pressure. Furthennore the 
L'oaijng..forming materials can be introduced into the plasma discharge or resulting stream in 
the absence of a carrier gas, i.e. they can be introduced directly by, for example, direct 

3 0 injection, whereby the coating forming materials are injected directly into the plasma. 

[0017] As mentioned above, the present inventors have found particular utility of the 
present invention for fonning sUIca- andsiloxane-based coaiing3 on powders using silicon- 



10 Apr OZ 16127 Doui Corning IP B^rra 0144B 748673 



10 



3.5 



20 



fi - 



containing H,atena.s.Underoxidisl„gcondjt.-ons.e.g.a„oxy^ 
sil.ca.ba,ea coating, can be Wd on the subsf^te ,«rfece from atomic .ilico«^taining 
matenals. wh™ under non-oxidi^«g conditions a siloxane polyn^. e.g. a linear, benched 
orre^nou. sitae nolym^.can be Wdonth..„f«.^e surface f^^ 
s.licon-containi„gmonomer.A«loxanc.o.^lccopol,,„ercanbcto^^ 
surface byuseofamixtuieoforganicawlsilicon^ontaining monomer. However the 
pr^nt invention is also u^„, for foxing an organic coating on a substrate, for example a 
polyaci^Kc add or peifluoro-oj^anic coating. 

lOm Tl^^POwdersubstraiestobccoatedniaycompriseMymateri^^ " 
c^otd oxides, silica. uT^nlc powders, Inciuflteg polymeric, dycstuffs. fragnmces. flavouring 
andpbarmaceutjcal powdeis. 

10019] Substratescoatedbythemethodofthepresentinventionmayhavevario^ 
For example a silica based coai,„g may give encapsulation and controlled mlease properties 

to an ore^mio particle such a frag^nce or dyB^tUff. An organic polynwric COatlng opon a 
meral or rnetal oxide particle wouldprovideinvroved compatibility of the p^^^^ 

n^dta, such as a «lver conductive partidc wldiin an adhesive, or a silica nrfaf^^ 
Within an claslomer. 

[00201 In one embodiment of tho invention a ,««icel]y electric charged porous pJate or a 
vibrating sieve may be placed in line with the exit of the powder from the plasma region to 
collect the resMlting powder. 

25 [0021j "The present invenUon will now be described further on the basis of the following 
example and drawing. 



30 



10022] An atmospheric pressure glow discharge was gcncmied by applying RFpo^^er of J 
W/cn^ to two el^d^sadheredro glass plat., that cndo^aheiluWoxygen gas mlxn,«in 
therataoof 98/2. Tetramethylcyclnterra^ilo.anc CmCTS) wn. ™ppKcd lo «„ ultx^o^ 
no^,le at a flow rate of 200 microHir^ p„ minute. TMCTS dmplet, discharged 
■}k uhmcic irssds WOTS 163 aimssQnuis K?5sa« vl.-v Trr.-.. ti-ajx; ^-^^ 
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pass through ihe atmospheric prcssiro glow discharge and form a line white powder which 
was collected below the atmospheric picssuie glow discharge. . 

[0023] Fig, 1 shows an Atmospheric Pressure Glow Discharge Apparotus for Powder 
5 Treatment in which the following numerals are identified. 

• I Dielectric shield 

• 2 Parallel electrodes 

• 3 Atomiser nozzle 

• 4 Powder delivery , 
10 ♦ 5 Powder prior to coating 

• 6 Pliisiim icgiun 

« 7 Collector for treated powder 
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Claim 

I 

I. A method for foiming a coating on a powder substrate, which method compri^ 
iniTodudng an atomiTcd cuiring formlog material by tUrect injeeUon and separately 
5 introducing a powder to be coated into an atmosplicric plasma discharge and/or an 

lonteed gas stream resulting dteiieltom, and exposing the powder to the atomized 
precursor. 



10 



15 



2. A method for forming a powder comprising subjecting an atomi$et( liquid to 
atmospheric plasma and collecting the powder resulting h<na the plasma trealmenL 

3. a method in accordance with claim 2 whcrehi the plasma titatment is atmoepberic 
pressure glow dischaigs. 

4. a method in accordance with claim 2 or 3 wherein the atomised liquid was 
Tetmrn^thylcyolotdrasiloxane and the resulting puwdta- was silica. 



5. an apparatus as hereinbefore described With refeience to the drawing. 

20 
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